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gravity as at zero. This contraction M. Spring thinks probably 
due to transformation of vesicular into octahedral sulphur 1 

In another paper to the Belgian Academy (Bull. No. 8) M. 
Spring concludes that there is a relation between the dilatation 
and the atomic weight of simple substances ; for certain of them, 
as sulphur, selenium, and tellurium, nickel and cobalt, iron and 
aluminium, the former is inversely proportional to the latter. 
Otherwise expressed, the dilatation per atom (in the groups 
specified) is constant. The possibility is thus suggested of deter¬ 
mining the number of atoms contained in a molecule of a solid 
substance. 1 M. Spring is investigating this. 

Prof. W. Holtz, inventor of the well-known Holtz electrical 
machine, has recently studied the various possible ways of 
arranging the inductors and armatures of his machine. This 
research was undertaken with a view partly to investigate the 
action of the analogous machine of Topler, in which the fixed 
plate is not pierced as in the Holtz machine, and partly to ascer¬ 
tain the reasons for the shifting brushes of light to be observed 
in the ordinary Holtz machine. The research, which is too 
lengthy to reproduce here, led to the conclusion that there is an 
advantage in the apertures of the fixed plate. 

To charge the electrodes of a secondary battery to their maxi¬ 
mum potential requires a quantity of electricity roughly propor¬ 
tional to their surface. But if the source from whence the 
charge is derived is of an electromotive force inferior to this 
maximum, then the polarisation-charge is limited, not by the 
surface of the electrodes merely, but by the fact that the oppos¬ 
ing polarisation completely stops the current. M. Blondlot has 
lately determined the quantities of charge required to polarise 
to such a limit a voltameter of given electrodes, -when the elec¬ 
tromotive forces are also of given magnitude. This was done 
by using a voltameter with very small electrodes, and including 
in the circuit with it a battery, a ballistic galvanometer, and an 
apparatus for closing circuit during a determinate fraction of a 
second. By the device of increasing the area of one or other 
of the electrodes, M, Blondlot was able to study independently 
the two cases of polarisation by oxygen and of polarisation by 
hydrogen. The author further shows ( Journal de Physique ) 
that the elementary capacity of an electrode for a given 
electromotive force does not depend on the nature of the 
electrode. The latter is also proved by a single qualitative 
experiment. It follows that to charge, by an instantaneous 
polarisation, the electromotive force between an electrode and 
electrolyte of value e 1 to a value z 2 , the same quantity of elec¬ 
tricity is always required, whatever the chemical nature of the 
electrolyte. Further, the charge of the double electric layer at 
the surface of contact of an electrode and electrolyte does not 
depend on the nature of the electrolyte if the electric difference 
remains the same. M, Blondlot has also given an absolute 
measure of the initial capacity of platinum in water acidulated 
by sulphuric acid, and shows that this capacity may vary under 
different influences. 


GEOGRAPHICAL NOTES 

The Journal of the Geographical Society of Tokio for the 
year 1881 has just been published. It is printed wholly in the 
Japanese character, and its contents are therefore inaccessible to 
all but a very few European readers. Besides reports of the 
meetings, and some other official information, it contains a paper 
on Saghalin and the Kurile Islands, and one cn the historical 
geography of Japan. Some Japanese who have travelled in 
China have formed themselves into a society for publishing a 
topographical description of that country. This will contain 
little that will be new to English readers, as no Japanese has, 
we believe, penetrated into Central Asia from the side of China. 
The Japanese have given us much new information respecting 
Corea, but they have as yet added little else to our geographical 
knowledge. 

Mr. E. C. Hore’s paper on Lake Tanganyika forms the 
staple of the January issue of the Geographical Society’s Pro¬ 
ceedings. The two maps which Mr. Hore furnishes are a valuable 
addition to the cartography of the lake, which is now for the 
first time delineated with any pretence to accuracy as a whole. 
The map of the southern part of the lake, Livingstone’s Lake 
Liemba, is on the scale of five geographical miles to the inch. 
Mr. Markham’s paper on the Jeannette expedition and Commo¬ 
dore Jansen’s notes on recent Dutch Arctic voyages, and Mr. 
Leigh Smith’s probable position we have already referred to at 


some length, and in connection therewith need only add that a 
map is now given of Wrangel Island from Lieut. Berry’s survey. 
The geographical notes bring us some interesting news of African 
exploration, chiefly on the east side of the continent, and hold 
out the hope of a future paper on the little-known interior of 
Mozambique by a new traveller. 

The fir.-t seven sheets of the large map of Eastern Equatorial 
Africa, with the preparation of which Mr. Ravenstein was 
entrusted in 1878 by the Council of the Geographical Society, 
are at last ready for issue by Mr. Stanford. 

Dr. Harmand, who has for some time been an assistant 
secretary of the French Geographical Society, and has lately 
been appointed Consul for France at Bangkok, is shortly to avail 
himself of the opportunity thus offered for making natural history 
and ethnographical collections in the Indo-Chinese peninsula. 

We have received parts 27-29 of the new edition of Stieler s 
Hand Atlas, containing the following maps A railway and 
steamer map of Germany and neighbouring countries; Austria- 
Hungary ; India and Inner Asia, northern sheet; a meteoro¬ 
logical chart of the world ; Iran and Turan; general map of 
South America ; sheet 4 of the six-sheet map of South America ; 
North-East Africa and America ; South Africa and Madagascar. 
Other three parts, containing eight maps, will conclude the new 
issue of this Standard Atlas, which will have ninety-five maps 
in all. 

The Deutsche Geografhische Blatter (Heft 4 Band 10) of the 
Bremen Society contains the narrative of the brothers Krause, 
sent by the Society to explore the Behring Straits region, 
mainly for commercial purposes. Capt. Koldeway contri¬ 
butes a paper on the position of the Arctic ice during the past 
summer, which was peculiar in some respects ; Capt. Koldeway 
shows that it was dependent on meteorological conditions wfith 
which we are imperfectly acquainted, but for a knowledge of 
which the Arctic observing stations ought to do much. There 
is also a useful summary of the Arctic w-ork of the year, in which 
it is claimed for Capt. Dailmann that he was the first to land on 
Wrangel Land in 1S66. In a note on p. 448 of the “ Voyage 
of the Vega," vol. i., Baron Nordenskjoid, however, thinks it 
strange that Dailmann should only now have mentioned this 
voyage. 

Since 1873, Herr Dietrich Reimer of Berlin has published at 
intervals important contributions to the literature of African ex¬ 
ploration, under the title of “Beitrage zur Entdeckungsgeschichte 
Afrika’s.” The first issue was a series of small maps showing 
the progress of a general knowledge of Africa from antiquity 
down to the nineteenth century. The second contains a paper 
on the part taken by Germany in African exploration, and a 
map, with text, showing what the various nationalities have done 
for African exploration during the nineteenth century. The 
third issue is a volume containing the journal of Dr. Paul Pogge 
during his exploration of the Lunda States, in the southern basin 
of the Congo in 1875-6. The fourth volume gives a narrative 
of Herr Otto H. Schiitt’s exploration on the Lower Quanza ill 
1877-9. These are all of considerable value, especially the two 
last issues, which contain the results of much details d work by 
competent scientific observers. We trust Herr Reimer will be 
encouraged to continue his enterprise. 

The Vienna Geographical Society celebrated the twenty-fifth 
anniversary of its foundation on December 22 last. The Society 
numbers 74 honorary and 644 ordinary Members; its library 
consists of nearly 11,000 works. 

The geographical weekly Das Ausland has changed hands. 
Up to December 31 last its editor was the well-known 
geographer, Fr. von Hellwald ; his place is now taken by Prof. 
Friedr. Ratzel of Munich. The paper will in future confine its 
contents solely to geographical and ethnographical subjects. 


ACTION OF FREE MOLECULES ON RADIANT 
HEAT i AND ITS CONVERSION THEREBY 
INTO SOUND 1 

E lecture opens with a brief reference to the researches of 
Leslie, Rumford, and Melloni. The labours of Tyndall 
and Magnus, as far as they bear upon the present subject, are 
then succinctly sketched, their points of difference being 

1 Abstract of the Bakerian Lecture, by J. Tyndall, F.R.S., given at the 
Royal Society, November 24, 1881. 
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signalised and briefly discussed. This preliminary sketch is 
wound up by a reference to a recently-published paper by Lecher 
and Pemter, who, while supporting the lecturer in the matter of 
gases, dissent from him in the matter of vapours. These investi¬ 
gators are especially emphatic in affirming the neutrality of 
aqueous vapour to radiant heat. Following Magnus, they refer 
Tyndall’s results to what Magnus calls “ vapour-hesion, ” that 
is to say, to the condensation of the vapours on the surfaces of 
the plates of rock-salt used to close the experimental tube, and 
on the interior surface of the tube itself. 

In November, 1880, the lecturer’s investigations in this field 
were resumed. Former experiments were repeated and verified 
with divers sources of heat, and with various experimental tubes 
—some polished within, and others coated inside with lampblack. 
The results obtained with the one class of tubes are substantially 
the same as those obtained with the other. 

But even a coating of lampblack may be supposed to reflect a 
certain amount of heat, hence the desirability of an arrangement 
whereby internal'reflection should be entirely abolished. This 
was accomplished in the following manner:—A spiral of 
platinum wire, rendered incandescent by a voltaic current of 
measured strength, was chosen as source of heat. An experi¬ 
mental tube 38 inches long and 6 inches in diameter had two 
circular apertures at its ends, closed by transparent plates of 
rock-salt, 3 inches in diameter. The tube was furnished with 
three cocks—one connected with a large Bianchi’s air-pump ; 
another with a purifying apparatus; while through the third 
vapours and gases could be admitted. Prior to entering the tube 
the calorific rays were sent through a very perfect rock-salt lens, 
by means of which an image of the spiral was formed on the 
most distant plate of rock-salt. To obtain the image with 
clearness, the spiral was first rendered highly luminous, and 
afterwards reduced, by the introduction of resistance, to the 
required temperature. In this way a calorific beam was sent 
along the axis of the experimental tube without at all impinging 
upon its interior surface. No reflection came into play; no ab¬ 
sorption by hypothetical liquid films, coating the internal 
surface, could occur; and yet experiments made with this 
arrangement entirely confirmed the preceding ones, wherein by 
far the greater quantity of heat which reached the pile had 
undergone reflection. 

When the source of heat was changed' to a carefully-worked 
cylinder of lime, a portion of which was rendered incandescent 
by an ignited stream of coal-gas and oxygen, the results were 
confirmatory of those obtained with the spiral. The order of 
absorption in both cases was the same, the only difference being 
that the fractional part of the total radiation absorbed in the 
case of the lime-light was less than that absorbed in the case of 
the spiral. 

To condense the radiation from the lime-light, concave mirrors 
■were sometimes employed, and sometimes rock-salt lenses. The 
results in both cases were identical. 

An experimental tube of the dimensions here given was em¬ 
ployed by the lecturer to check his results more than ten years 
ago. Its interior surface was rough and tarnished, and when 
warmed dynamically by the entrance of a gas its power as a 
radiator enabled it to disturb, to some slight extent, the purity of 
the results. To obviate this, the experimental tube recently em¬ 
ployed was provided with an internal silver surface, deposited 
electrolytically and highly polished. By this arrangement the 
radiation of the tube itself, as well as its absorption, was ren¬ 
dered quite insensible. 

The rock-salt plates used to close the experimental tube, and 
on which liquid films are alleged to be deposited, remain to 
be examined. In this case also an experimentum cruets is 
possible. If the observed absorptions be due to such liquid 
films, then the separation of the salts more widely from each 
other, the space between them being copiously supplied with 
vapour, ought to produce no effect; but if the absorption, as 
alleged by the lecturer, be the act of the vapour molecules, then 
the deepening of the absorbing stratum ought to produce an 
augmented effect. For many gases and some vapours this 
problem was solved as far back as 1863. By means of an appa¬ 
ratus then described, polished plates of rock-salt could be 
brought into contact ■with each other, and then "gradually sepa¬ 
rated, until the gaseous stratum between them was some inches 
in depth. With sulphuric ether vapour, the distance between 
tire plates being one-twentieth of an [inch, an absorption of 2 
per cent, was observed. With a thinner stratum, or a weaker 
vapour, even this small absorption vanished, while in passing 


from one-twentieth of an inch to two inches the absorption rose 
from 2 per cent, to 35 per cent, of the total radiation. Such 
experiments, recently verified, entirely dispose of the hypothesis 
that liquid films were the cause of the observed absorption. 

The “vapour-hesion hypothesis” involves the assumption that 
liquids exert on radiant heat an absorbent power which is denied 
to their vapours. It assumes, in other words, that the seat of 
absorption is the molecule considered as a whole, and not the 
constituent atoms of the molecule. For were the absorption 
intra-molecular, the passage from the liquid to the vaporous 
condition, which leaves the molecules intact, could not abolish 
the absorption. So far back as 1864 the lecturer had proved 
that when vapours, in quantities proportional to the densities of 
their liquids, were examined in the experimental tube, the order 
of their absorptions was precisely that of the liquids from which 
they were derived. This result has been recently tested and 
verified in the most ample manner by means of the apparatus in 
which internal reflection never comes into play. It furnishes, 
therefore, the strongest presumptive evidence that the seat of 
absorption in liquids and in vapours is the same. 

As a problem of molecular physics it was, however, In the 
highest degree desirable to compare together equal quantities, 
instead of proportional quantities, of liquids and vapours. 
Highly volatile liquids alone lend themselves to this experiment, 
for only from such liquids can vapours be obtained sufficient, 
when caused to assume the liquid form, to produce layers of 
practicable thickness. Two cases, however, have been very 
fully worked out, the substances employed being the hydride of 
amyl and sulphuric ether. Careful and exact experiments, many 
times repeated, lead to the result that when the number of mole¬ 
cules traversed by the calorific rays in the vapour is the same as 
that traversed in the liquid, the absorptions are identical. In 
the silvered^ experimental tube, which, as stated, is 38 inches 
long, hydride of amyl vapour, at a mercury pressure of 6'6 
Inches, is equivalent to a liquid layer 1 millim. in thickness, 
while a vapour column of sulphuric ether, of the same length, 
and 7'2 inches pressure, would also produce a liquid layer 1 
millim. thick. The experiment has been made with the utmost 
care, both with the lime-light and the incandescent platinum, 
with the result that it is impossible to say that there is any dif¬ 
ference between the vapour absorption and the liquid absorption. 
In the face of such factsthe “vapour-hesion” hypothesis, as an 
explanation of the results published by the lecturer, cannoc be 
sustained. 

On November 29, 1880, he had the pleasure of witnessing, in 
the laboratory of the Royal Institution, the experiments of Mr, 
Graham Bell, wherein a concentrated luminous beam, rendered 
intermittent by a rotating perforated disk, was caused to impinge 
upon various solid substances, and to produce musical sounds. 
Mr. Bell’s previous experiments upon selenium naturally led him 
to conclude that the effect was produced by the luminous rays of 
the spectrum. The contemplation of these experiments pro¬ 
duced in the lecturer the conviction that the results were due to 
the intermittent absorption of radiant heat. He was experi¬ 
menting on vapours at this time. Substituting in idea gaseous 
for solid matter, he clearly pictured the sudden expansion of an 
absorbent gas or vapour at every stroke of the calorific beam, 
and its contraction when the beam was intercepted. Pulses far 
stronger than those obtainable from solid matter would probably 
be thus produced, which, when rapid enough, would generate 
musical sounds. The intensity of the sound would, of course, 
be determined by the absorptive power of the gas or vapour. 

This idea was tested on the spot. Placing sulphuric ether in a 
. test-tube, and connecting the tube with the ear, the intermittent 
beam was caused to fall upon the vapour above the liquid. A 
feeble musical sound was distinctly heard. Formic ether was 
tried in the same way, and with the same result. Bisulphide of 
carbon was then tried, but the vapour of this liquid proved in¬ 
competent to generate a musical sound. These results, which 
were in perfect accordance with those previously enunciated by 
the lecturer, were first made public during a discussion at the 
Society of Telegraph Engineers on December 8, 1880 (Journal 
0/ Telegraph Engineers, vol. ix. p. 382). 

, It was obvious, however, that the arrangement of Mr. Bell— 
a truly beautiful one—was not suited to bring out the maximum 
effect. He had employed a series of lenses to concentrate his 
beam, and these, however pure, would, in 1 the case of trans¬ 
parent gases, absorb a large portion of the rays most influential 
in producing the sound. The lecturer, therefore, resorted to 
lenses of rock-salt and to concave mirrors silvered in front. He 
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employed various sources of beat, including that of the electric 
lamp. The lime-light he found very convenient. With the 
lime-light and concave mirror, sounds of surprising intensity 
were produced by all the highly absorbent gases and vapours. 
Among gases chloride of methyl was loudest. Conveyed 
directly to the ear by a tube of india-rubber, the sound of this 
gas seemed as loud as the peal of an organ. Abandoning the 
ear-tube, and choosing a suitable recipient for the gas, the sounds 
were heard at a distance of 20 feet from their origin. As re¬ 
gards intensity, the order of the sounds, in gases, corresponds 
exactly with the order of their absorptions of radiant he-it. 

Among vapours sulphuric ether stands highest, this result being 
in part due to the great volatility of the liquid. But the inten¬ 
sity of the sound is by no means wholly dependent on volatility. 
The specific action of the molecules on radiant heat is as clearly- 
shown in these experiments as in those previously conducted with 
the experimental tube and thermopile. Upwards of eighty- 
vapours have been tested in regard to their sound-producing 
power. 

"With regard to aqueous vapour, whose action upon radiant 
heat even the latest publications on this subject describe as nil, 
it was especially interesting to be able to question the vapour 
itself as to its absorbent power, and to receive from it an answer 
which did not admit of doubt. A number of bulbs about an 
inch in diameter were placed under the receiver of an air-pump, 
with a vessel containing sulphuric acid beside them. When 
thoroughly dry they were exposed to an intermittent beam. The 
well-dried air within the bulbs proved silent, while the slightest 
admixture of humid air sufficed to endow it with sounding 
power. Placing a little water in a thin glass bulb, and heating 
it nearly to its boiling point, the sounds produced by the deve¬ 
loped vapour are exceedingly loud. The bulbs employed in 
these experiments are usually about a cubic inch in volume. 
They may, however, be reduced to one-fiftieth or even one one- 
hundredth of a cubic inch. When a minute drop of water is 
vaporised within such little bulbs, on their exposure to the inter¬ 
mittent beam loud musical sounds are produced. 

It is to be borne in mind that the heat employed in these 
experiments, coming as it did from a highly luminous source, 
was absorbed in a far smaller degree than would be the heat 
from bodies under the temperature of incandescence. 

To render the correlation of sound-producing power and 
adiathermancy complete, all the gases and vapours which had been 
exposed to the intermittent beam were examined as to the 
augmentation of their elastic force through the absorption of 
radiant heat. A glass cylinder, 4 inches long and 3 inches in 
diameter, had its ends closed with transparent plates of rock- 
salt. Connected with this cylinder was a narrow (Jdube, con¬ 
taining a coloured liquid which stood at the same level in the 
two arms of the (J, The cylinder could be exhausted at 
pleasure or filled with a gas or vapour. When filled, the 
sudden removal of a double-silvered screen permitted the beam 
from the lime-light to pass through it, the augmentation of 
elastic force being immediately declared by the depression ol 
the liquid in one of the arms of the (J -tube and its elevation in 
the other. The difference of level in the two arms gave, in 
terms of water-pressure, a measure of the heat absorbed. With 
the stronger vapours it would be easy with this instrument to 
produce an augmentation of elastic force corresponding to a 
water-pressure of a thousand millimetres. As might be expected 
the intensity of the sounds corresponded with the energy of the 
absorption, varying from “exceedingly strong,” “very strong,” 
“strong,” “moderate,” “weak,” to “inaudible.” In this 
connection reference was made to the interesting experiments 
of Prof. Rontgen, an independent and successful worker in this 
field. 

In conclusion, the lecture draws attention to the bearing of its 
results upon the phenomena of meteorology. The views of 
Magnus regarding the part played by mist or haze, are referred 
to and attention is directed to various observations by Wells 
which are in opposition to these views. The observations of 
Wilson, Six, Leslie, Denham, Hooker, Livingstone, Mitchell, 
Strachey, and others are referred to and connected with the 
action of aqueous vapour upon solar and terrestrial radiation. 
Many years ago the lecturer sought to imitate the action of 
aqueous vapour on the solar rays by sending a beam from the 
electric light through a layer of water, and afterwards examining 
its spectrum. The curve representing the distribution of heat 
resembled that obtained from the spectrum of the sun, the 
invisible calorific radiation being reduced by the water from 


nearly eight times to about twice the visible. Could we get 
above the screen of atmospheric vapour, a large amount of the 
ultra-red rays would assuredly be restored to the solar spectrum. 
This conclusion has been recently established on the grandest 
scale by Prof. Langley, who on September 10 wrote to the 
lecturer from an elevation of 12,000 feet on Mount Whitney, 
“ where the air is perhaps drier than at any other equal altitude 
ever used for scientific investigation.” An extract from Prof. 
Langley’s letter will fitly close this summary :—“ You may,” he 
says, “ be interested in knowing that the result indicates a great 
difference in the distribution of the solar energy here from that 
to which we are accustomed in regions of ordinary humidity, 
and that while the evidence of the effect of water-vapour on the 
more refrangible rays is feeble, there is, on the other hand, a 
systematic effect due to its absence, which shows, by contrast, 
its power on the red and ultra-red in a striking light. These 
experiments also indicate an enormous extension of the ultra- 
red rays beyond the point to which they have been followed 
below, and being made on a scale different from that of the 
laboratory—on one indeed as grand as nature can furnish—and 
by means wholly independent of those usually applied to the 
research, must, I think,- when published, put an end to any 
doubt as to the accuracy of the statements so long since made by 
you, as to the absorbent power of water-vapour over the greater 
part of the spectrum, and as to its predominant importance in 
modifying to us the solar energy.” 


SOCIETIES AND ACADEMIES 

London 

Royal Society, December 8.—"On the Electrolytic Diffu¬ 
sion of Liquids,” by G. Gore, LL.D., F.R.S. In this com¬ 
munication the author has described an apparatus, and an 
attempt made with it, to ascertain more definitely than he was 
able in a previous research (on “the Influence of Voltaic 
Currents on the Diffusion of Liquids,” Proc. Roy. Soc., No. 
213, 1881) whether, when an electric current is passed vertically 
through the boundary surface of mutual contact of two electro¬ 
lytes lying upon each other in a narrow vertical glass tube, the 
mass of either ot the liquids expands or moves as a whole in the 
line of the current, and also to obtain additional data to assist in 
explaining the phenomena observed in the previous research. 

The results obtained with a solution of mercuric nitrate (sp. 
gr. T30) below, and a solution of cupric nitrate (sp. gr. i'22) 
above, showed, first, and most conclusively, that the upper 
liquid diffused downwards continuously through the meniscus in 
the glass tube (the meniscus remaining motionless) during the 
passage of an upward electric current • and second, that either 
no manifest expansion occurred in the liquid next the cathode in 
the upper solution, and that equal volumes of liquid diffused in 
two opposite directions through the meniscus; or that any ex¬ 
pansion of the upper liquid was compensated for by downward 
diffusion of an equal bulk of that liquid. Another possibility 
was that the united volumes of metallic-electro deposited copper, 
and of the acid element from which it had been separated by 
electrolysis, were greater than before such separation, and that 
this was exactly compensated by the volume of liquid diffused 
downwards through the meniscus. 

Zoological Society, December 13.—Prof. W. LI. Flower, 
F.R.S., president, in the chair,—Mr. Sclater exhibited and 
made remarks on two skins of a Rail from Macquarie Island, 
south of New Zealand, which had been sent to him by Sir 
George Grey, K.C.B.—Mr. H. Seebohm exhibited and made 
remarks on specimens of the Rusty Grakle (Scolccophagus fernt - 
gi.neus) and Pallas’s Great Grey Shrike (Lanius major), which 
had been shot near .Cardiff, and were new to the British avi¬ 
fauna.—A communication was read from Mr. Clements R. Mark¬ 
ham, F.R.S., containing an account of his researches into the 
former whale-fishery of the Basque Provinces of Spain.—Messrs. 
J. J. Lister and J. j. Fletcher read a paper on the condition of 
the median portion of the vaginal apparatus in the Macropo- 
didre, in which they arrived at the following conclusions :—(1) 
In the Macropodidse the median vaginal canal is closed in early 
life. (2)-In the genera Macro jus, ffalmaturus, and Petrogale 
(and perhaps also Vorcofsis and Dendrologies) an opening is 
formed, leading directly from the median vaginal canal into the 
urogenital sinus, which opening most probably gives passage to 
the young. This opening may be formed early in life, as is 
usual in the genus Halmaiurus , or not till young are about to be 
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